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(54) REFLECTION TYPE LIQUID CRYSTAL DISPLAY DEVICE 

(57) Abstract: 

PURPOSE: To eliminate parallax and to provide high fineness, high 
contrast and high display grade, low dependency of a contrast on visual 
angles and lowered driving voltage. 

CONSTITUTION: The delay phase axis of a substrate 14 having an optical 
phase compensation function and the direction of the director of the 
liquid crystal molecules of a liquid crystal display cell are held in a 
nearly orthogonal state. The value of &verbar; A nidi- A n2d2&verbar ; / /I 
is changed by the electric field impressed to a liquid crystal layer 13 
in such a manner that a light shielding state is attained when the 
retardation Anldl of the liquid crystal cell, the retardation An2d2 of 
the substrate 14 having the optical phase compensation function and the 
wavelength X of incident light 28 satisfy &verbar; Anldl-n2d2&verbar;/ 
1=0. 25+m/2±01 (m=0, 1, 2) and that a light transmission state is 
attained when feverbar; Anldl- An2d2&verbar;/^=m' /2±0. 1 (m' =0, 1, 2) is 
satisfied. The display is made by using the two states of the light 
shielding state and the light transmission state. The absorption axis or 
transmission axis of the polarizer is set at 30 to 60° with the 



director directions of the liquid crystal molecules of the liquid 
crystal cell. 
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CLAIMS 



[Claim (s)] 

[Claim 1] the penetrable insulating substrate which whose liquid crystal 
layer was pinched in between and formed the transparent electrode at 
least — and The liquid crystal cell which comes to carry out opposite 
arrangement of the reflecting plate with which the thin film which has 
the irregularity which changes smoothly on the surface of one side and 
continuously, and has a light reflex function on this front face was 
formed, In the reflective mold liquid crystal display equipped with the 
polarizer arranged at the incidence side of the light of this liquid 
crystal cell, and the substrate which has the optical phase compensation 
function arranged between this polarizer and this liquid crystal cell So 
that the lagging axis of a substrate which has this optical phase 
compensation function, and the direction of the director of the liquid 
crystal molecule contiguous to this penetrable substrate may cross at 



right angles mostly And it is set up so that the absorption shaft of 
this polarizer or a transparency shaft, and the angle phi to make may 
become 30 degrees - 60 degrees. The wavelength lambda of 2 and incident 
light is |deltanldl-deltan2d2|/lambda=0. 25+m / 2**0.1 (1 m= 0, 2) 
deltan2d of retardation of a substrate which has 1 and this optical 
phase compensation function deltanld of retardation of this liquid 
crystal cell. — (1) 

It will be in a protection-from-light condition at the time of ********, 
and is | deltanldl-deltan2d2 1 / lambda=m' / 2**0.1 (1 m' =0, 2). — (2) 
the value of | deltanldl-deltan2d2 | /lambda is changed with the electric 
fields impressed to this liquid crystal layer so that it may be in a 
light transmission condition at the time of ******** — making — this - 
- the reflective mold liquid crystal display which displays using two 
conditions. 

[Claim 2] The reflective mold liquid crystal display according to claim 
1 set as the range whose 1 is 200 nm<delta nldl<750nm deltanld of 
retardation of said liquid crystal cell. 

[Claim 3] deltan2d of retardation of a substrate which has 1 and an 
optical phase compensation function deltanld of retardation of said 
liquid crystal cell 2 When filling said one formula to the wavelength 
lambda in the range of 400-700nm at the time of electrical-potential- 
difference VI (VI >=0) impression, it will be in a protection-from-light 
condition. [ when filling said two formulas to the wavelength lambda in 
the range of 400-700nm at the time of electrical-potential-difference V2 
(V2> VI) impression and it will be in a light transmission condition ] 
Magnitude (deltanlambda) F of the wavelength dispersion of a substrate 
and magnitude (deltanlambda) LC of the wavelength dispersion of a liquid 
crystal cell which have said optical phase compensation function The 
reflective mold liquid crystal display according to claim 1 or 2 which 
serves as F (deltanlambda) > (deltanlambda) LC when satisfied with this 
protection-from-light condition of deltanld 1> deltan2d of conditions of 
2, and serves as F (deltanlambda) < (deltanlambda) LC when satisfied with 
this protection-from-light condition of deltanld 1< deltan2d of 
conditions of 2. 

[Claim 4] deltan2d of retardation of a substrate which has 1 and an 
optical phase compensation function deltanld of retardation of said 
liquid crystal cell 2 When filling said two formulas to the wavelength 
lambda in the range of 400-700nm at the time of electrical-potential- 
difference VI (VI >=0) impression, it will be in a light transmission 
condition. [ when filling said one formula to the wavelength lambda in 
the range of 400-700nm at the time of electrical-potential-difference V2 



(V2> VI) impression and it will be in a protection-from-light 
condition ] Magnitude (deltanlambda) F of the wavelength dispersion of a 
substrate and magnitude (deltanlambda) LC of the wavelength dispersion 
of a liquid crystal cell which have said optical phase compensation 
function The reflective mold liquid crystal display according to claim 1 
or 2 which serves as F (deltanlambda) > (deltanlambda) LC when satisfied 
with this protection-from-light condition of deltanld 1> deltan2d of 
conditions of 2, and serves as F (deltanlambda) < (deltanlambda) LC when 
satisfied with this protection-from-light condition of deltanld 1< 
deltan2d of conditions of 2. 

[Claim 5] The reflective mold liquid crystal display according to claim 
1, 2, 3, or 4 with which the thin film which has said light reflex 
function is prepared in the liquid crystal layer side front face of said 
reflecting plate. 

[Claim 6] The reflective mold liquid crystal display according to claim 
1, 2, 3, 4, or 5 on which the thin film which has said light reflex 
function functions as an electrode which counters the transparent 
electrode formed on said penetrable substrate. 

[Claim 7] The reflective mold liquid crystal display according to claim 
1, 2, 3, 4, 5, or 6 with which a transparent flattening layer is 
prepared on the thin film which has said light reflex function that 
irregularity should be absorbed, and the transparent electrode which 
functions as an electrode which counters the transparent electrode 
formed on said penetrable substrate is formed on this flattening layer. 
[Claim 8] The reflective mold liquid crystal display according to claim 
1, 2, 3, 4, 5, 6, or 7 with which the color filter layer is formed on 
said penetrable substrate or the transparent electrode. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is used for office automation 
(OA) devices, such as a word processor and a notebook sized personal 
computer, various visual equipments, a game device, etc. , and relates to 
the reflective mold liquid crystal display of a configuration of not 
using an accepting-reality-type back light. 
[0002] 



[Description of the Prior Art] In recent years, application of the 
liquid crystal display to visual equipments, such as pocket mold 
television called OA equipment, such as a word processor and a laptop 
type personal computer, or pocket television, etc. is extending quickly. 
Since the back light used as the light source is unnecessary, low-power- 
izing, thin-shape-izing, and lightweight-izing are possible for the 
reflective mold liquid crystal display which displays from the outside 
also in these liquid crystal displays by reflecting the light which 
carried out incidence, and it attracts attention especially. 
[0003] Conventionally, TN (Twisted Nematic) method and the STN (super 
twisted nematic) method are used for the above-mentioned reflective mold 
liquid crystal display. 

[0004] Between the polarizing plates of a lot, the above-mentioned TN 
method arranges the liquid crystal cell which consists of a glass 
substrate of a pair, a transparent electrode formed in each glass 
substrate front face, and a liquid crystal layer enclosed among both 
glass substrates, and performs a monochrome (black and white) display 
using the optical property of this liquid crystal cell, i.e., the 
rotatory-polarization property at the time of no electrical-potential- 
difference impressing, and the rotatory-polarization dissolution 
property at the time of electrical-potential-difference impression. In 
performing color display, a back light is carried in the tooth back of a 
liquid crystal display, and it adopts the configuration which prepares 
the color filter for every color, such as red, blue, and green, in a 
liquid crystal cell further. And the full color display in which the 
color display of arbitration is possible is realized by the multicolor 
display which performs color display of a few color comparatively, or 
the basic target by carrying out additive color mixture using the 
optical switching characteristic of the liquid crystal cell 
corresponding to the time of /impression at the time of no impressing 
[ of the electrical potential difference of a liquid crystal cell ]. 
[0005] As a drive method of the reflective mold liquid crystal display 
of the above-mentioned TN method, an active-matrix drive method and a 
passive-matrix drive method are used, and it is adopted as indicating 
equipments, such as the so-called pocket liquid crystal television. 
[0006] On the other hand as means of displaying currently widely used as 
a display for OA equipment, such as a word processor, it has a liquid 
crystal display principle similar to the above-mentioned TN method, and 
the STN method which sets the twist angle of a liquid crystal molecule 
as 180 degrees - 270 degrees is held. 

[0007] This STN method increases the twist angle of a liquid crystal 



molecule at 90 degrees or more, and makes the setting include angle of 
the transparency shaft of the polarizing plate to the elliptically 
polarized light produced according to the birefringence effectiveness of 
a liquid crystal cell have optimized. Therefore, the rapid molecular 
orientation deformation accompanying electrical-potential-difference 
impression can be made to reflect in birefringence-ization of liquid 
crystal, and the electro-optics property which presents a steep optical 
change above a threshold can be realized. Therefore, it is suitable for 
a simple matrix drive method. 

[0008] As demerit of this STN method, it is that coloring of yellowish 
green or navy blue arises as a background color of a display by the 
birefringence of liquid crystal. In order to improve this coloring 
phenomenon, the liquid crystal display which laid the phase contrast 
plate formed with macromolecules, such as a liquid crystal cell for 
optical compensation or a polycarbonate, on top of the STN liquid 
crystal cell for a display is proposed. Color compensation is performed 
and this enables it to realize the display near monochrome display. The 
liquid crystal cell of a configuration of performing current and such 
coloring compensation is used as the so-called paper White mold liquid 
crystal display. 

[0009] The detailed principle of operation of the above-mentioned TN 
method and a STN method is a volume for Japanology way promotion **** 
142 committees "a liquid crystal device handbook". 1989 It is indicated 
by P. 329-346 and is a well-known technique. 

[0010] If it is going to realize the liquid crystal display of the 
above-mentioned TN method or a STN method as a reflective mold liquid 
crystal display, it is necessary to make it the structure whose liquid 
crystal cell is pinched with the polarizer of a pair on the principle of 
means of displaying, and to arrange a reflecting plate on the outside. 
For this reason, parallax arose with the include angle with the 
direction where a user regards a liquid crystal cell as the include 
angle of a normal as which a user regards a glass substrate, i. e. , the 
direction of a glass substrate, with the thickness of the glass 
substrate used for a liquid crystal cell to make, and there was a fault 
that a display was recognized by the duplex. 

[0011] Moreover, when the conventional TN method, a STN method, etc. 
control the birefringence of liquid crystal by electric field, the 
polarizing plate of the liquid crystal display which displays using 
optical shutter ability is made into one sheet and it applies to a 
reflective mold liquid crystal display as it is, a monochrome display 
with contrast cannot be realized on the principle. 



[0012] Therefore, the liquid crystal display of a reflective mold TN 
(45-degree twist mold) method using one polarizing plate and quarter- 
wave length plate is indicated by JP, 55-48733, A. Using the distorted 
liquid crystal layer, by controlling the electric field impressed, 45 
degrees of two conditions with a distorted condition are realized for 
the plane of polarization of the incidence linearly polarized light with 
a condition parallel to the optical axis of a quarter-wave length plate, 
and 45 degrees of monochrome displays are performed in this advanced 
technology. The configuration of this liquid crystal cell serves as the 
polarizer, 45-degree twist liquid crystal cell, a quarter-wave length 
plate, and a reflecting plate from the incident light side. Furthermore, 
the liquid crystal display of a reflective mold perpendicular 
orientation method which combined one polarizing plate, quarter-wave 
length plate, and a perpendicular orientation liquid crystal cell is 
indicated by USP4, 701, 028 (Clerc et al. ). Moreover, these people have 
applied about the reflective mold parallel orientation method which 
combined one polarizing plate, the parallel orientation liquid crystal 
cell, and the phase contrast plate. 
[0013] 

[Problem(s) to be Solved by the Invention] However, in the liquid 
crystal display indicated by above-mentioned JP, 55-48733, A, since it is 
necessary to form a quarter-wave length plate between a liquid crystal 
layer and a reflecting plate, the reflective film cannot be formed 
inside a liquid crystal cell on a principle. Moreover, since the basic 
principle of this liquid crystal display is the same as TN method, the 
steepness of an electro-optics property of it is the same as that of TN. 
Therefore, contrast is low and there is a fault that the steepness of an 
electro-optics property is low. 

[0014] There are the following problems in the liquid crystal display of 
the perpendicular orientation method indicated by the above USP4, 701, 028. 
[0015] ** Since a configuration becomes complicated in order control is 
very difficult and to realize such control, it has not turned 
[ orientation / perpendicular orientation, especially / inclination 
perpendicular ] to mass production. 

[0016] ** Perpendicular orientation has weak orientation restraining 
force, and its speed of response is slow. 

[0017] ** When perpendicular orientation is used, dynamic scattering may 
occur at the time of a drive, and it is unreliable. 
[0018] By the above-mentioned reflective mold parallel orientation 
method, if the installation include angle of the director of a 
polarizing plate, a phase contrast plate, and a liquid crystal molecule 



is not fitness, a display property will worsen. Moreover, coloring 
arises for the wavelength dispersion of a liquid crystal cell and a 
phase contrast plate. Furthermore, if a reflecting plate is installed in 
a liquid crystal layer side as it is, the steepness of an electro-optics 
property will worsen for the irregularity of a reflecting plate. 
[0019] This invention is made in order to solve the above-mentioned 
conventional trouble, it does not have parallax, and display grace is 
high by the high definition and quantity contrast, the viewing-angle 
dependency of contrast is still smaller, and it aims at driver voltage 
offering a low reflective mold liquid crystal display. 
[0020] 

[Means for Solving the Problem] the penetrable insulating substrate 
which the liquid crystal layer of the reflective mold liquid crystal 
display of this invention was pinched in between, and formed the 
transparent electrode at least — and The liquid crystal cell which 
comes to carry out opposite arrangement of the reflecting plate with 
which the thin film which has the irregularity which changes smoothly on 
the surface of one side and continuously, and has a light reflex 
function on this front face was formed, In the reflective mold liquid 
crystal display equipped with the polarizer arranged at the incidence 
side of the light of this liquid crystal cell, and the substrate which 
has the optical phase compensation function arranged between this 
polarizer and this liquid crystal cell So that the lagging axis of a 
substrate which has this optical phase compensation function, and the 
direction of the director of the liquid crystal molecule contiguous to 
this penetrable substrate may cross at right angles mostly And it is set 
up so that the absorption shaft of this polarizer or a transparency 
shaft, and the angle phi to make may become 30 degrees - 60 degrees. The 
wavelength lambda of 2 and incident light is |deltanldl- 
deltan2d2|/lambda=0. 25+m / 2**0.1 (1 m= 0, 2) deltan2d of retardation of 
a substrate which has 1 and this optical phase compensation function 
deltanld of retardation of this liquid crystal cell. — (1) 
It will be in a protection-from-light condition at the time of ********, 
and is | deltanldl-deltan2d2 1 / lambda=m' / 2**0.1 (1 m' =0, 2). — (2) 
the value of | deltanldl~deltan2d2 | /lambda is changed with the electric 
fields impressed to this liquid crystal layer so that it may be in a 
light transmission condition at the time of ******** — making — this - 
- since it displays using two conditions, the above-mentioned purpose is 
attained by that. 

[0021] In this reflective mold liquid crystal display, it is good also 
as a configuration which opposite arrangement of said penetrable 



substrate and said reflective substrate is carried out so that the 
orientation of said liquid crystal layer may turn into parallel 
orientation, and is set as the range whose 1 is 200 nm<delta nldl<750nm 
deltanld of retardation of said liquid crystal cell. 

[0022] deltan2d of retardation of a substrate which has 1 and an optical 
phase compensation function deltanld of retardation of said liquid 
crystal cell moreover, 2 When filling said one formula to the wavelength 
lambda in the range of 400-700nm at the time of electrical-potential- 
difference VI (VI >=0) impression, it will be in a protect ion-from- light 
condition. [ when filling said two formulas to the wavelength lambda in 
the range of 400-700nm at the time of electrical-potential-difference V2 
(V2> VI) impression and it will be in a light transmission condition ] 
Magnitude (deltanlambda) F of the wavelength dispersion of a substrate 
and magnitude (deltanlambda) LC of the wavelength dispersion of a liquid 
crystal cell which have said optical phase compensation function When 
satisfied with this protection-from-light condition of deltanld 1> 
deltan2d of conditions of 2, it is set to F (deltanlambda) 
> (deltanlambda) LC, and when satisfied with this protection-from-light 
condition of deltanld 1< deltan2d of conditions of 2, you may set up so 
that it may be set to F (deltanlambda) < (deltanlambda) LC. 
[0023] deltan2d of retardation of a substrate which has 1 and an optical 
phase compensation function deltanld of retardation of said liquid 
crystal cell moreover, 2 When filling said two formulas to the 
wavelength lambda in the range of 400-700nm at the time of electrical- 
potential-difference VI (VI >=0) impression, it will be in a light 
transmission condition. [ when filling said one formula to the 
wavelength lambda in the range of 400-700nm at the time of electrical- 
potential-difference V2 (V2> VI) impression and it will be in a 
protection-from-light condition ] Magnitude (deltanlambda) F of the 
wavelength dispersion of a substrate and magnitude (deltanlambda) LC of 
the wavelength dispersion of a liquid crystal cell which have said 
optical phase compensation function When satisfied with this protection- 
from-light condition of deltanld 1> deltan2d of conditions of 2, it is 
set to F (deltanlambda) > (deltanlambda) LC, and when satisfied with this 
protection-from-light condition of deltanld 1< deltan2d of conditions of 
2, you may set up so that it may be set to F (deltanlambda) 
< (deltanlambda) LC. 

[0024] Moreover, the thin film which has said light reflex function is 
good also as a configuration prepared in the liquid crystal layer side 
front face of said reflecting plate. Moreover, it is good also as a 
configuration as which the thin film which has said light reflex 



function functions as an electrode which counters the transparent 
electrode formed on said penetrable substrate. 

[0025] Furthermore, it is good also as a configuration in which a 
transparent flattening layer is prepared on the thin film which has said 
light reflex function that irregularity should be absorbed, and the 
transparent electrode which functions as an electrode which counters the 
transparent electrode formed on said penetrable substrate is formed on 
this flattening layer. 

[0026] Moreover, it is good also as a configuration in which the color 
filter layer is formed on said penetrable substrate or the transparent 
electrode. 
[0027] 

[Function] Hereafter, the display principle of the reflective mold 
liquid crystal display of this invention is explained. 
[0028] On both sides of a liquid crystal layer, opposite arrangement of 
a penetrable substrate and the reflecting plate is carried out in 
between, a liquid crystal cell is constituted, a polarizer is arranged 
at the incidence side of the light of a liquid crystal cell, and, as for 
the reflective mold liquid crystal display of this invention, the phase 
compensating plate is arranged at least for optics between the polarizer 
and the liquid crystal cell. 

[0029] After at least a polarizer and optics pass a phase compensating 
plate and a liquid crystal layer, and reach a reflecting plate and the 
incident light to this reflective mold liquid crystal display reflects 
them with this reflecting plate, it passes and carries out outgoing 
radiation only of a liquid crystal layer and the optics for a phase 
compensating plate and a polarizer again. Under the present 
circumstances, the linearly polarized light acquired from a polarizer by 
carrying out outgoing radiation turns into elliptically polarized light, 
after at least optics passes a phase compensating plate and the liquid 
crystal layer 13. The phase contrast delta of the elliptically polarized 
light at this time is expressed like the following three formulas. 
[0030] 

delta= (2 pi/lambda) (deltanldl-deltan2d2) — (3) 
here — lambda — wavelength and deltanldl — the retardation of a 
liquid crystal layer, and deltan2d2 — at least as for optics, the 
retardation of a phase compensating plate, and delta nl and delta n2 
show dl, and, as for the optical anisotropy (rate of a birefringence) of 
a phase compensating plate and d2, at least a liquid crystal layer and 
optics show [ a liquid crystal layer and optics ] the thickness of a 
phase compensating plate, respectively. 



[0031] Incident light is shaded when the value of delta of the three 
above-mentioned formula is set to the so-called quarter-wave length 
conditions and 3/4-wave conditions. Generally the above-mentioned 
conditions are. | deltanldl-deltan2d2 1 /lambda=0. 25+m/2 (1 m= 0, 2) — (4) 
Since it is expressed as ******, incident light is shaded by setting up 
the value of delta of the three above-mentioned formula so that the four 
above-mentioned formula may be satisfied. 

[0032] It becomes the clockwise circular polarization of light, it is 
reflected with a reflecting plate, and the linearly polarized light from 
the polarizer which carried out incidence only of the optics to the 
phase compensating plate turns into the counterclockwise circular 
polarization of light, when at least the optics in which the four above- 
mentioned formula was satisfied passes a phase compensating plate and a 
liquid crystal layer. On the other hand, when passing a liquid crystal 
layer and having become the counterclockwise circular polarization of 
light, it is reflected with a reflecting plate and becomes the clockwise 
circular polarization of light. 

[0033] When at least a liquid crystal layer and optics pass a phase 
compensating plate again, the reflected light from a reflecting plate 
turns into the linearly polarized light which intersects perpendicularly 
with the linearly polarized light after passing a polarizer at the time 
of incidence, and is shaded with a polarizer. 

[0034] Moreover, lambda=m' [ | deltanldl-deltan2d2 1 / ]/2 (1 m' =0, 2) — 
(5) 

When ****** is satisfied, the linearly polarized light from the 
polarizer which carried out incidence only of the optics to the phase 
compensating plate continues being the linearly polarized light with the 
parallel polarization direction, also after at least optics passes a 
phase compensating plate and a liquid crystal layer. Therefore, after 
being reflected with the reflecting plate, or also after the reflected 
light passes a phase compensating plate again at least in a liquid 
crystal layer and optics, the polarization direction continues being the 
parallel linearly polarized light. Therefore, outgoing radiation light 
passes a polarizer. 

[0035] It can display using two conditions, these protect ion-from-light 
condition and a light transmission condition. 

[0036] If it is the range with which the above-mentioned protection- 
from-light condition and a light transmission condition not only 
satisfying the conditions of the four above-mentioned formula and five 
formulas but a protection-from-light condition is satisfied with of the 
following one formula, and a light transmission condition is satisfied 



of the following two formulas, it will be satisfactory practical. 
[0037] | deltanldl-deltan2d2|/lambda=0. 25+m/2**0. 1 (l m= 0, 2) — (l) 
Ideltanld l-deltan2d2| / lambda=m' / 2**0.1 (1 m' =0, 2) — (2) In the 
liquid crystal display of such a display principle When a light reflex 
plate does not hold polarizability, conversion to the counterclockwise 
circular polarization of light of right-handed rotation which was 
mentioned above from the circular polarization of light, or this reverse 
conversion is no longer performed efficiently, and contrast falls. 
[0038] Although there is a specular reflection plate flat as a 
reflecting plate for holding polarizability, since an external body is 
reflected as it is, as for this, a display becomes hard to see. In order 
to prevent this, these people can use what has already carried out 
patent application as a reflecting plate producing method. This applies 
a photopolymer to a substrate, patternizes this, and after it heat- 
treats further and makes heights a smooth configuration, it forms a 
reflector on it. According to this approach, since heights can be formed 
smoothly, there are few multiple echoes and they can consider as the 
bright reflector which held polarization mostly. By using such a 
reflecting plate, the reflecting plate which has the holdout and 
diffusibility of polarizability of light can be obtained. 
[0039] [ when it is in a light transmission condition at the time of 
protection-from-light condition and electrical-potential-difference V2 
(V2> VI) impression at the time of electrical-potential-difference VI 
(VI >=0) impression ] The four above-mentioned formula can be filled in 
a wide range wavelength field in the state of protection from light in 
the state of protection from light by [ deltanld ] setting 1< deltan2d 
to F<(deltanlambda) LC at the time (deltanlambda) of 2 by setting 
deltanld 1> deltan2d to F> (deltanlambda) LC at the time (deltanlambda) 
of 2. 

[0040] Similarly [ when it is in a protection-from-light condition ] at 
the time of light transmission condition and electrical-potential- 
difference V2 (V2> VI) impression at the time of electrical-potential- 
difference VI (VI >=0) impression The four above-mentioned formula can 
be filled in a wide range wavelength field in the state of protection 
from light in the state of protection from light by [ deltanld ] setting 
1< deltan2d to F< (deltanlambda) LC at the time (deltanlambda) of 2 by 
setting deltanld 1> deltan2d to F> (deltanlambda) LC at the time 
(deltanlambda) of 2. 

[0041] That is, wavelength dispersion with smaller retardation is made 
larger than the wavelength dispersion of another side in the state of 
protection from light. By this, the wavelength dispersion of the liquid 



crystal cell in a protection-from-light condition and the substrate 
which has an optical phase compensation function negates each other, and 
the good display of high contrast can be obtained. 
[0042] The direction of the director of the liquid crystal molecule 
contained in the above-mentioned liquid crystal layer is set up so that 
at least the lagging axis of a phase compensating plate and optics may 
cross at right angles mostly, and so that the absorption shaft of a 
polarizer or a transparency shaft, and the angle phi to make may become 
30 degrees - 60 degrees. Although the time of phi being 45 degrees 
becomes max, if the contrast of a liquid crystal display is the above- 
mentioned setup, it will be satisfactory practical. When opposite 
arrangement of the above-mentioned penetrable substrate and the 
reflecting plate is carried out so that a liquid crystal layer may serve 
as parallel orientation, compared with the case where it is made to 
become perpendicular orientation, orientation control is easy, a speed 
of response is quick, and dependability can be made high. 
[0043] deltanld of retardation of the above-mentioned liquid crystal 
cell, by being referred to as 200 nm<delta nldl<750nm, 1 is small in the 
viewing-angle dependency of contrast, and can make driver voltage low. 
[0044] 

[Example] Hereafter, the example of this invention is explained. Drawing 

1 is the sectional view showing the configuration of the reflective mold 
liquid crystal display (a liquid crystal display is called hereafter) 1 
of this invention, and drawing 2 is the top view of the glass substrate 

2 in a liquid crystal display 1. The liquid crystal display 1 of this 
example is a passive matrix. A liquid crystal display 1 is equipped with 
the transparent glass substrates 2 and 3 of a pair, and a large number 
formation of the large projection 4 and the small projection 5 which 
consist of a synthetic-resin ingredient is carried out on the glass 
substrate 2, respectively. The pars-basilaris-ossis-occipitalis 
diameters Dl and D2 of the large projection 4 and the small projection 5 
are set, for example as 5 micrometers and 3 micrometers, respectively. 
Moreover, these spacing D3 is set as at least 2 micrometers or more. 
[0045] The above-mentioned projections 4 and 5 are covered, the hollow 
between these projections 4 and 5 is filled, and the smoothing film 6 is 
formed. The front face of the smoothing film 6 is formed in the shape of 
a smooth surface in response to the effect of projections 4 and 5. On 
the smoothing film 6, the reflective metal membrane (counterelectrode) 7 
which consists of metallic materials, such as aluminum, nickel, chromium, 
and silver, is formed. This reflective metal membrane 7 is formed in two 
or more trains at the longitudinal direction of drawing 2 covering band- 



like [ of straight side ]. A reflecting plate 8 consists of these 
projections 4 and 5, smoothing film 6, and a reflective metal membrane 7. 
The orientation film 9 is formed on the above-mentioned reflective metal 
membrane 7. 

[0046] In the front face of the above-mentioned glass substrate 2 and 
the glass substrate 3 which counters, it is band-like [ of straight 
side ] and the transparent electrode 10 which consists of ITO (Indium 
Tin Oxide) etc. is formed in the direction which intersects 
perpendicularly with the longitudinal direction of the reflective metal 
membrane 7 over two or more trains. Matrix electrode structure consists 
of an above-mentioned reflective metal membrane 7 and a transparent 
electrode 10. The glass substrate 3 with which the transparent electrode 
10 was formed is covered, and the orientation film 11 is formed. 
[0047] The closure of the periphery section of the glass substrates 2 
and 3 which counter the above-mentioned mutual one is carried out by the 
sealant 12. Dielectric anisotropy deltaepsilon uses the liquid crystal 
ingredient which is forward, for example, the Merck Co. make, and a 
trade name ZLI2973 for the orientation film 9 and the liquid crystal 
layer 13 between 11. 

[0048] The phase compensating plate 14 is formed at least for the optics 
which consists of an oriented film made from a polycarbonate (the 
optical anisotropy deltan2, thickness d2) in the liquid crystal layer 13 
and the opposite side of the above-mentioned glass substrate 3. 
Furthermore on it, the polarizing plate 15 of 48% of simple substance 
permeability is arranged. 

[0049] Either the scanning circuit 16 or the data circuit 17 is 
connected to the above-mentioned reflective metal membrane 7 and the 
transparent electrode 10, respectively. A scanning circuit 16 and a data 
circuit 17 are controlled by the control circuits 18, such as a 
microprocessor, are scanning the reflective metal membrane 7 and the 
transparent electrode 10 based on the indicative data corresponding to 
the contents of a display, and have the composition of impressing the 
display electrical potential difference VI or the non-display electrical 
potential difference V2 from the electrical-potential-difference 
generating circuit 19, and realizing a display. Drawing 4 is drawing in 
which at least the liquid crystal layer 13 and optics show the optical 
configuration of the phase compensating plate 14 and a polarizing plate. 
The lagging axis (alpha) of the phase compensating plate 14 and the 
director (beta) of the liquid crystal molecule of the liquid crystal 
layer 13 lie at right angles, and, as for the include angle phi with the 
absorption shaft of the director (beta) and polarizing plate 15 of the 



liquid crystal molecule of the liquid crystal layer 13, or a 
transparency shaft (gamma) to make, at least optics is set as the range 
of 30 degrees - 60 degrees. 

[0050] Next, the creation approach of the above reflective mold liquid 
crystal displays 1 is explained. 

[0051] Drawing 3 (l) - (5) is drawing showing the production process of 
a reflecting plate. First, as shown in drawing 3 (l), the photopolymer 
film 21 is formed in one field of a glass substrate 2. In this example, 
that (for example, the Corning, Inc. make, a trade name 7059) whose 
thickness tl is 1. 1mm as a glass substrate 2 was used. Moreover, the 
above-mentioned photopolymer film 21 can be obtained by carrying out the 
spin coat of the photopolymer ingredient (for example, Tokyo adaptation 
shrine make, trade name 0FPR- 800) by 500r. p. m - 3000r. p. m. In this 
example, thickness t2 formed the photopolymer film 2 which is 1.5 
micrometers by carrying out a spin coat for 30 seconds by 2500r. p. m. 
[0052] Next, the glass substrate 2 with which the photopolymer film 21 
was formed is calcinated for 30 minutes at 90 degrees C, and the photo 
mask 22 with which many circular patterns of two kinds of size as shown 
in drawing 3 (2) were formed is arranged and exposed, and Tokyo — 
adaptation — negatives are developed using the developer which consists 
of shrine make and a 2. 38% solution of trade name NMD-3, and the large 
projection 23 and the small projection 24 from which detailed height 
differs are formed in a front face as shown in drawing 3 (3). Thus, the 
reason for forming two or more kinds of projections from which height 
differs is for preventing coloring arising in the reflected light by 
interference of light reflected in the summit and trough of a projection. 
[0053] The circle of the diameters Dl (for example, 5 micrometers) and 
D2 (for example, 3 micrometers) as showed the above-mentioned photo mask 
22 to drawing 2 corresponding to the large projection 4 and small 
projection which are formed using this has been arranged at random, and 
the spacing D3 can use the thing of a configuration of having left at 
least 2 micrometers or more. In addition, the mask pattern of a photo 
mask 22 is not limited to this, and can use various things with the 
pattern of a desired large projection and a small projection. 
[0054] Then, as heat-treatment is performed to the glass substrate 2 
with which the large projection 23 and the small projection 24 as shown 
in drawing 3 (3) were formed at 200 degrees C for 1 hour and it is shown 
in it at drawing 3 (4), the angle of the above-mentioned projections 23 
and 24 is made round, furthermore, the glass substrate 2 top with which 
the above-mentioned projections 23 and 24 were formed as shown in 
drawing 3 (5) — for example, Tokyo — adaptation — the macromolecule 



resin film 6 is formed by carrying out the spin coat of shrine make and 
trade name OFPR-800 by lOOOr. p. m - 3000r. p. m. At this example, the spin 
coat was performed by 2000r. p. m. Thereby, the hollow of the part between 
projections 23 and 24 is filled, and the macromolecule resin film 
(smoothing film) 6 which has the front face of the shape of a smooth 
curve can be formed. Although the resin of the class same as 
macromolecule resin film 6 as the above-mentioned photopolymer 
ingredient was applied in this example, the thing of a different class 
may be used. In addition, the surface level difference of the smoothing 
film 6 in this case was 0. 7 micrometers. 

[0055] Furthermore, as shown in drawing 3 (5), metal thin films, such as 
aluminum, nickel, chromium, and silver, are formed on the above- 
mentioned smoothing film 6 at thickness t3 (for example, about 0.01-1.0 
micrometers). In this example, the reflective metal membrane 7 was 
formed by carrying out sputtering of the aluminum. A reflecting plate 8 
is completed according to the above process. Thus, the polyimide resin 
film is formed on the reflecting plate 8 formed and the glass substrate 
3 with which the transparent electrode 10 was formed, and it calcinates 
at 200 degrees C for 1 hour. Then, rubbing processing for carrying out 
orientation of the liquid crystal molecule 20 is performed, and the 
orientation film 9 and 11 is formed. In case the reflecting plate 8 with 
which the above-mentioned orientation film 9 was formed, and the glass 
substrate 3 with which the above-mentioned transparent electrode 10 and 
the orientation film 11 were formed are combined, it is made to counter 
so that the orientation of the liquid crystal molecule 20 may turn into 
parallel orientation. Moreover, in order to regulate the thickness of 
the liquid crystal layer 13, a 5-micrometer spacer is sprinkled and 
lamination is performed. Between two glass substrates 2 and 3, a liquid 
crystal closure layer (not shown) is formed by screen-stenciling the 
adhesive sealing compound which mixed the 6-micrometer spacer. The 
liquid crystal layer 13 is enclosed by carrying out a vacuum deairing, 
after forming the above-mentioned liquid crystal closure layer. 
[0056] Next, actuation of the liquid crystal display 1 of this example 
is explained, referring to drawing 5 . In addition, a liquid crystal 
display 1 is disassembled for the facilities of explanation, and this 
drawing is shown. At the time of the protection-from-light actuation 
shown in drawing 5 (1), deltan2d of each retardation of the optical 
compensating plate 14 and the liquid crystal layer 13, 2 and deltanldl 
are chosen so that the one above-mentioned formula may be satisfied. At 
this time, incident light 28 turns into the linearly polarized light 29 
parallel to the absorption shaft of a polarizing plate 15, or the 



transparency shaft orientations LI by passing a polarizing plate 15. The 
linearly polarized light 29 passes the optical compensating plate 14 and 
the liquid crystal layer 13 with which are satisfied of the one above- 
mentioned formula, for example, turns into the clockwise circular 
polarization of light 30. It is reflected with a reflecting plate 8 and 
this circular polarization of light 30 turns into the counterclockwise 
circular polarization of light 31. This circular polarization of light 
31 will turn into the linearly polarized light 32 which has the plane of 
polarization of the direction of the linearly polarized light 29 at the 
time of the above-mentioned incidence, and the direction which 
intersects perpendicularly, if the liquid crystal layer 13 and the 
optical compensating plate 14 which have the retardation which satisfies 
the three above-mentioned formula, respectively are passed. This 
linearly polarized light 32 is shaded with a polarizing plate 15. That 
is, the reflected light from a reflecting plate 8 is shaded. On the 
other hand, in passing the liquid crystal layer 13 and becoming the 
clockwise circular polarization of light, it is reflected with a 
reflecting plate 8 and this circular polarization of light turns into 
the counterclockwise circular polarization of light. 
[0057] On the other hand, at the time of the light transmission 
actuation shown in drawing 5 (2), deltan2d of each retardation of the 
optical compensating plate 14 and the liquid crystal layer 13, 2 and 
deltanldl are chosen so that the two above-mentioned formula may be 
satisfied. At this time, incident light 28 turns into the linearly 
polarized light 29 parallel to the above-mentioned shaft orientations LI 
by passing a polarizing plate 15. Even if this linearly polarized light 
29 passes the optical compensating plate 14 and the liquid crystal layer 
13 which are set to satisfy the two above-mentioned formula, it holds 
the same polarization condition as passage before. It is also the same 
as even if it reflects with a reflecting plate 8, after the linearly 
polarized light 29 which passed the liquid crystal layer 3 holds the 
same linearly polarized light condition and passes the liquid crystal 
layer 13 and the optical compensating plate 14. Therefore, this 
reflected light passes and carries out outgoing radiation of the 
polarizing plate 15. 

[0058] The refractive-index anisotropy deltanl of the liquid crystal 
used by this example is 0. 1626, and since the eel thickness d is 5. 0 
micrometers, 1 is set to 813nm deltanld of retardation of this liquid 
crystal layer 13. 

[0059] The lagging axis of the phase compensating plate 14 made at least 
the director and optics of a liquid crystal molecule of the above- 



mentioned liquid crystal layer 13 intersect perpendicularly, and the 
angle phi of the absorption shaft of a polarizing plate 15 or a 
transparency shaft, and the director of a liquid crystal molecule to 
make was made into 15 degrees, 30 degrees, 45 degrees, 60 degrees, and 
75 degrees. When wavelength lambda was 550nm, at least optics selected 2 
deltan2d of retardation of the phase compensating plate 14 so that it 
might be set to (deltanldl-deltan2d2) / lambda= 0. 25 and the electrical- 
potential-difference-reflection factor property was measured about the 
case of phi= 15 degrees, 30 degrees, 45 degrees, 60 degrees, and 75 
degrees, a graph like drawing 6 was obtained. That is, the property in 
phi= 15 degrees, 30 degrees, and 45 degrees corresponds with (a) of . 
drawing 6 , (b), and (c), respectively. In addition, the property at the 
time of phi= 60 degrees and 75 degrees was almost the same as the 
property (b) of phi= 30 degrees, and the property (c) of phi= 15 degrees 
respectively. 

[0060] When an electrical potential difference was impressed, the 
reflection factor of the direction of a panel normal over the light 
which carried out incidence from a certain include angle (phi= 30 
degrees) was about 45%, and the maximum contrast ratio was 6 in the time 
of phi= 45 degrees. The standard white plate of MgO was used for the 
reference. In addition, it is a time of the value of (deltanldl- 
deltan2d2) / lambda being **0. 25 that a reflection factor becomes small 
in this graph, and the place of max [ reflection factor ] is a time of 
the value of (deltanldl-deltan2d2) / lambda being 0. Monochrome (black 
and white) can be displayed by using these two conditions. About an 
installation include angle, the greatest contrast ratio can be obtained 
at the time of phi= 45 degrees, and a contrast ratio falls as it shifts 
from phi= 45 degrees and goes. However, in phi= 30 degrees - 60 degrees, 
it is satisfactory practical. 

[0061] Although this example showed the case where the value of m of the 
four above-mentioned formula and m' of five formulas was 0, the display 
is possible when m and/or m' is one or more. However, since the 
reflection factor of a light transmission condition will fall, the 
reflection factor of a protection-from-light condition will rise 
conversely and a contrast ratio falls when m and m' is one or more, it 
is desirable to use the time; of m=m' =0. Moreover, if it is the range 
with which the above-mentioned protection-from-light condition and a 
light transmission condition not only satisfying the conditions of the 
four above-mentioned formula and five formulas but a protection-from- 
light condition is satisfied with of the one above-mentioned formula, 
and a light transmission condition is satisfied of the two above- 



mentioned formula, it will be satisfactory practical. 
[0062] In the reflective mold liquid crystal display of this example, 
since the reflector forming face of a reflecting plate 8 is arranged at 
the liquid crystal layer side, there is no parallax and the good display 
screen is obtained. 

[0063] (Example 2) In this example, in the liquid crystal display of the 
above-mentioned example 1, it considered as phi= 45 degrees and the 
thing with as large the wavelength dispersion [ as optics ] as a phase 
compensating plate 14 than the wavelength dispersion of a liquid crystal 
cell was used using the protection-from-light condition of (deltanldl- 
deltan2d2) / lambda= 0. 25. By this, the four above-mentioned formula can 
be satisfied on almost all the wavelength in the range of 400-700nm. 
This is in a protection-from-light condition at the time of electrical- 
potential-difference VI (VI >=0) impression, as shown in drawing 7 (a). 
When it is in a light transmission condition, at least optics at the 
time of electrical-potential-difference V2 (V2> VI) impression Magnitude 
(deltanlambda) F= (deltan400-deltan700) of the wavelength dispersion of 
a phase compensating plate / deltan550, Magnitude (deltanlambda) LO 
(deltan400-deltan700) of the wavelength dispersion of a liquid crystal 
cell / deltan550 It sets up so that it may be satisfied with a 
protection-from-light condition of deltanld 1> deltan2d of 
F (deltanlambda) > (deltanlambda) LCs at the time of 2 ( drawing 7 (b), 
(c)) ( drawing 8 (b)). By setting up so that it may be satisfied with a 
protection-from-light condition of deltanld 1< deltan2d of 
F (deltanlambda) < (deltanlambda) LCs at the time of 2 ( drawing 8 (a)), 
moreover, ( drawing 8 (c)), It is based on what ( drawing 8 (d)) the 
four above-mentioned formula can be filled for in the wavelength field 
where retardation with a phase compensating plate is as wide range as a 
liquid crystal layer and optics. 

[0064] On the other hand, at the time of electrical-potential-difference 
VI (VI >=0) impression, in being in a light transmission condition and 
being in a protection-from-light condition at the time of electrical- 
potential-difference V2 (V2> VI) impression Since it is the same, at 
least the above-mentioned optics Magnitude (deltanlambda) F of the 
wavelength dispersion of a phase compensating plate, Magnitude 
(deltanlambda) LC of the wavelength dispersion of a liquid crystal cell 
is set up so that it may be satisfied with a protection-from-light 
condition of deltanld 1> deltan2d of F (deltanlambda) > (deltanlambda) LCs 
at the time of 2. Moreover, by setting up so that it may be satisfied 
with a protection-from-light condition of deltanld 1< deltan2d of 
F< (deltanlambda) LCs at the time (deltanlambda) of 2, the four above- 



mentioned formula can be filled in a wide range wavelength field. 
[0065] The result of having measured the value of |deltanldl- 
deltan2d2 | /lambda in each wavelength when at least such optics uses a 
phase compensating plate for drawing 9 is shown. In this drawing, ** 
shows the case where at least the optics used for the reflective mold 
liquid crystal display of this invention uses a phase compensating plate, 
and ** shows the case where at least the optics used for the 
conventional reflective mold liquid crystal display uses a phase 
compensating plate. When at least the optics by this invention uses a 
phase compensating plate so that clearly from drawing 9 , it can be 
satisfied with almost all the wavelength of 400-700nm of the four above- 
mentioned formula. 

[0066] The electrical-potential-difference-reflecting plate property B 
when at least the conventional optics in which at least the optics which 
has larger wavelength dispersion than the wavelength dispersion of the 
above-mentioned liquid crystal layer in drawing 10 has wavelength 
dispersion smaller than the wavelength dispersion of the electrical- 
potential-difference-reflection factor property A at the time of using a 
phase compensating plate and a liquid crystal layer uses a phase 
compensating plate is shown. The measuring method in this case was 
performed like the above-mentioned example 1. When a thing with as large 
the wavelength dispersion [ as optics ] as a phase compensating plate 
than the wavelength dispersion of a liquid crystal layer is used so that 
clearly from drawing 10 , it can be satisfied with a wide range 
wavelength field of the conditions of a protection-from-light condition. 
Moreover, the reflection factor of a protection-from-light condition can 
be reduced, a contrast ratio can be set to 8, and a good display 
property without parallax can be shown. 

[0067] As mentioned above, if the retardation in a protection-from-light 
condition makes wavelength dispersion of the smaller one larger than the 
wavelength dispersion of another side so that I may be understood, a 
protection-from-light condition can be realized in a wide range 
wavelength field, and improvement in a display property can be aimed at. 
[0068] (Example 3) In this example, liquid crystal ingredient ZLI-2359 
by Merck Co. which are deltanO. 0512 were used for the liquid crystal 
layer 13. 

[0069] In the reflective mold liquid crystal display of this example, 
like the example 1, the lagging axis of the phase compensating plate 14 
made at least the director and optics of a liquid crystal molecule of 
the liquid crystal layer 13 intersect perpendicularly, and the angle phi 
of the absorption shaft of a polarizing plate 15 or a transparency shaft, 



and the director of a liquid crystal molecule to make was made into 15 
degrees, 30 degrees, 45 degrees, 60 degrees, and 75 degrees. When 
wavelength lambda was 550nm, at least optics selected 2 deltan2d of 
retardation of the phase compensating plate 14 so that it might be set 
to (deltanldl-deltan2d2) / lambda= 0. 25 and the electrical-potential- 
difference-reflection factor property was measured about the case of 
phi= 15 degrees, 30 degrees, 45 degrees, 60 degrees, and 75 degrees, the 
same result as an example 1 was obtained. When an electrical potential 
difference was impressed, the reflection factor of the direction of a 
panel normal over the light which carried out incidence from a certain 
include angle (phi= 30 degrees) was about 45%, and the maximum contrast 
ratio was 6 in the time of phi= 45 degrees. It is a time of the value of 
(deltanldl-deltan2d2) / lambda being **0. 25 that a reflection factor 
becomes small, and the place of max [ reflection factor ] is a time of 
the value of (deltanldl-deltan2d2) / lambda being 0. Monochrome (black 
and white) can be displayed by using these two conditions. About an 
installation include angle, the greatest contrast ratio can be obtained 
at the time of phi= 45 degrees, and a contrast ratio falls as it shifts 
from phi= 45 degrees and goes. However, in phi= 30 degrees - 60 degrees, 
it is satisfactory practical. 

[0070] 1 is set to 150, 200, 250, 500, and 750 deltanld of retardation 
of the liquid crystal layer 13, and by changing the eel thickness d of 
the above-mentioned liquid crystal layer 13 shows the result of having 
measured the electrical-potential-difference-reflection property about 
each case to drawing 11 . Since the viewing-angle dependency of the 
contrast of a liquid crystal display becomes large when the value of the 
retardation of the liquid crystal layer 13 is 200nm or less so that I 
may be understood from this drawing 11 , a good display is not obtained. 
Moreover, when the value of the retardation of the liquid crystal layer 
13 is 750nm or more, the driver voltage of a liquid crystal display 
becomes large. Therefore, deltanld of retardation of the liquid crystal 
layer 13, in 1, when it is the range of 200 nm<delta nldl<750nm, the 
viewing-angle dependency of contrast is small and a reflective mold 
liquid crystal display with low driver voltage is obtained. 
[0071] In this example, when 1 was changed to the liquid crystal layer 
13 deltanld of retardation of the liquid crystal layer 13 using liquid 
crystal ingredient ZLI-1565 by Merck Co. which are deltanO. 1297 by 
changing the eel thickness d of the liquid crystal layer 13 like the 
above, the same result as the time of using the above-mentioned ZLI-2359 
was obtained. 

[0072] Although this example showed the case where the value of m of the 



four above-mentioned formula and m' of five formulas was 0, the display 
is possible when m and/or m' is one or more. However, since the 
reflection factor of a light transmission condition will fall, the 
reflection factor of a protect ion-from-light condition will rise 
conversely and a contrast ratio falls when m and/or m' is one or more, 
it is desirable to use the time of m=m' =0. 

[0073] (Example 4) In this example, in the liquid crystal display of the 
above-mentioned example 3, it considered as phi= 45 degrees and the 
thing with as large the wavelength dispersion [ as optics ] as a phase 
compensating plate 14 than the wavelength dispersion of a liquid crystal 
cell was used using the protection-from-light condition of (deltanldl- 
deltan2d2) / lambda= 0.25. Like an example 2, when the retardation in a 
protection-from-light condition makes wavelength dispersion of the 
smaller one larger than the wavelength dispersion of another side, delta 
nd/lambda property as shown in drawing 9 is acquired, and the four 
above-mentioned formula can be satisfied on almost all the wavelength in 
the range of 400-700nm. Moreover, by using wavelength dispersion [ as 
optics ] with the as large phase compensating plate 14 than the 
wavelength dispersion of a liquid crystal cell, like an example 2, an 
electrical-potential-difference-reflection property becomes a thing as 
shown in drawing 10 , and can be satisfied with a wide range wavelength 
field of the conditions of a protection-from-light condition. Moreover, 
the reflection factor of a protection-from-light condition can be 
reduced, a contrast ratio can be enlarged, and a good display property 
without parallax can be shown. 

[0074] This invention is not limited to the example explained above, and 
can be widely applied to the optical control unit of a reflective mold. 
[0075] In the above-mentioned examples 1-4, although at least optics 
used the oriented film of polycarbonate nature as a phase compensating 
plate, it is not limited to this and oriented films, such as PVA 
(polyvinyl alcohol) and PMMA (polymethylmethacrylate), may be used. 
Moreover, the orientation film may be formed in the front face of the 
glass substrate of a pair, respectively, and at least optics may use the 
liquid crystal cell which encloses and carried out parallel orientation 
of the liquid crystal layer between each orientation film as a phase 
compensating plate. 

[0076] Moreover, this invention persons are also checking that it can 
use as each picture element electrode by which the above-mentioned 
reflector is connected to nonlinear devices, such as a thin film 
transistor and MIM, in the case of the liquid crystal display of an 
active-matrix drive method. 



[0077] Although it is better not to call the retardation of the above- 
mentioned liquid crystal layer 13 at a location, but to make it 
regularity, in order to increase the steepness of an electro-optics 
property, when a level difference exists in a reflecting plate 8 
strictly, eel thickness differs on a level difference and in the bottom. 
Consequently, retardation values also differ. A level difference can be 
set to about 0. 1 micrometers, if the flattening layer which consists of 
acrylic resin is prepared on a reflecting plate 8, an ITO transparent 
electrode is further formed on it and it is a picture element electrode, 
in order to cancel this, thus, when carried out, it checked that the 
steepness of an electro-optics property could be boiled markedly and 
could be raised. What is necessary is just the transparent resin film 
which does not ask an inorganic material and an organic material but has 
flattening capacity as the above-mentioned flattening layer. Thereby, 
the simple multiplexer drive of the 100 or more scanning lines is 
attained. 

[0078] Furthermore, in the above-mentioned examples 1-4, although the 
glass substrate was used as substrates 2 and 3, even when an opaque 
substrate like a silicon substrate is used, the same effectiveness can 
be acquired. When such a silicon substrate is used as the above- 
mentioned glass substrate 2, circuit elements, such as the above- 
mentioned scanning circuit 16, a data circuit 17, a control circuit 18, 
and the electrical-potential-difference generating circuit 19, can be 
integrated and formed on a silicon substrate. 

[0079] Although the thing of parallel orientation was used as a liquid 
crystal layer 13, if it is not limited to this and retardation can be 
controlled by electric field, it is applicable in the liquid crystal 
layer of any orientation. Moreover, also about the liquid crystal cell 
for which at least optics is used as a phase compensating plate 14, if 
it is the liquid crystal layer which can set up retardation the optimal, 
all are applicable. 

[0080] Moreover, the thing of multicolor and a full color display to do 
for a liquid crystal display is also possible by forming a color filter 
layer on a glass substrate 3 or a transparent electrode 10. 
[0081] 

[Effect of the Invention] According to this invention, the reflective 
film forming face of a reflecting plate can be installed in a liquid 
crystal layer side so that clearly from the above explanation. Moreover, 
it can shade efficiently by considering as phi= 30 degrees - 60 degrees, 
in a protection-from-light condition, when at least a liquid crystal 
layer and optics adjust the wavelength dispersion of a phase 



compensating plate, compared with a phase compensating plate, at least 
the conventional optics can be boiled markedly and can fulfill the 
conditions of a protection-from-light condition in the wavelength field 
of the large range. Therefore, the high reflective mold liquid crystal 
display of display grace is realizable with the high definition of high 
contrast without parallax. Furthermore, by adjusting the retardation 
value of a liquid crystal layer, the viewing-angle dependency of 
contrast is small and driver voltage can consider as a low reflective 
mold liquid crystal display. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of the reflective mold liquid 
crystal display 1 which is one example of this invention. 
[Drawing 2] It is drawing showing the photo-mask pattern of the 
reflecting plate 8 concerning this invention. 
[Drawing 3] It is drawing showing the production process of the 
reflecting plate 8 concerning this invention. 

[Drawing 4] It is drawing for explaining the optical property of the 

reflective mold liquid crystal display of this invention. 

[Drawing 5] It is drawing for explaining the display-action principle of 

the reflective mold liquid crystal display of this invention. 

[Drawing 6] It is drawing showing the electrical-potential-difference 

dependence property of the reflection factor of the reflective mold 

liquid crystal display of an example 1. 

[Drawing 7] It is drawing for explaining the principle of operation of 

the reflective mold liquid crystal display of an example 2. 

[Drawing 8] It is drawing for explaining the principle of operation of 

the reflective mold liquid crystal display of an example 2. 

[Drawing 9] It is drawing showing the property of delta nd/lambda the 

case where at least the optics concerning this invention uses a phase 

compensating plate, and when at least the conventional optics uses a 

phase compensating plate. 

[Drawing 10] It is drawing showing the electrical-potential-difference 
dependence property of the reflection factor of the reflective mold 
liquid crystal display of an example 2. 

[Drawing 11] It is drawing showing the electrical-potential-difference 



dependence property of the reflection factor of the reflective mold 
liquid crystal display of an example 3. 
[Description of Notations] 

1 Liquid Crystal Display 

2 Three Glass substrate 
4 Five Projection 

6 Smoothing Film 

7 Reflective Metal Membrane 

8 Reflecting Plate 

9 11 Orientation film 

10 Transparent Electrode 

12 Sealant 

13 Liquid Crystal Layer 

14 At Least Optics is Phase Compensating Plate. 

15 Polarizing Plate 
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(57) [Btt] 

jMl-fe/U0j*ft#?0#-r U^^OSlRlt^ saws 
ttttfc*ftTl*«. jMl-fe/U©'J*-T— >a >A n 1 

aVAn2d 2 i> AM3fc0»*A£tf 

I Anidi-An2d2 I /A =0. 25 + m/2 ±0. 1 (m 

= 0, 1, 2) - (1) 

I Anid 1 -An 2 d2 I /A-m' /2±0.1 (m' = 
0, 1, 2) - (2) 

#ft4*»KJ:y I Anidi-An 2 d2 I 
*©*fitC»LTfflJW©i»i|5aill*5^ttaia*ll*3 0 

• ~6o° tcR^r*. 




(2) 
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M«a 1 1 $AJi«ia](c&A,-7, < t vmm. 

K&zfrT'&mmcmt-rsB&zGu mm\z%& 

Tft«*A-trJUi, RSA-b/l/O^OAKflKcBBfti 



A-te/fcD 'J 2 a V A n t d i &BW¥tt*lfflJt«l 
IB*^r 3B«tf> 'J * - t-\ V a > A n 2 d 2 b Afcfft© 



I A nidi — A n2d2 I 
I An-|di-Ari2d2 I /A=m' 
Jffl*tl*«WC«fcy I Anidi-An 2 d2 I /A©ffl* 

[B#Si 2 ] HylE&JUl/KD ^-f->aVAm 
di* , <200nm<Anidi<750n m<0ffiHlC|8£ 
*ftT^*B:S«l fcRtt©Elffl»A»S»«. 

[B$£ 3 ] fflBMA&MD 'J ^ -x— > 3 V A n 1 
d 1 <!:ft¥{ifflffif»tifig£*f "T SStii® U * - a 
VAn2d2i:!b ,; s IEV1 (Vi^O) B2«I$(C4 0 0~ 
7 0 0 n m0tiSHl::$3%A A ICS* LTlulB 1 

rt*(E3*ii6tt»tay» iev 2 (V2>vi) epjjpbs 

K4 0 0~7 0 0 nm©ttHfc*«S«AU:WLTffllB 

(A n A) F£*A-te;l/©»ft#tt0*** (A n A) 

LC £ h\ KJi^MT 5 Anidi>An2d 2©*ft : £»JE 
tZtZfc (An A) f> (An A) LC^ft'A Kjift 
«MT-Anidi<An2d20^ i F=&»S-ri.<l:$tC (A 
nA) F < (An A) LC£4*B#JS1 Sfctt2lCK* 

[B&54] lUlBjSA-byuo'J^-r— >a m 
d 1 ^)K^)^ffiWtK«W-r «Sfi(0 'J * - r~> a 

VAn 2 d2i:A\ «EVi (VifcO) E|]JnBtlC 4 0 0 ~ 
7 0 0 n m®£BlC&3&ft A Kfcf LTflufB 2 

*-i*fcftaatttB£fty» «ev 2 (v 2 >vi) epjjp 

B#lC400~700n m£>©iKc35 A left LTsu 
IB 1 3€»fcrt*lc5B316«JBi:ft*ii$lcfe^Tx 

(A n A) Ffc*A-fe;U©«*#tt©*S* (A n A) 
LC 1 *>\ BGS3!fitt»? A n 1 d 1 > A n 2 d 2 ©£ft 
t*t&C (An A) F > (An A) LC^ft'A ■ VGtSt 
ttM7-Anid 1 <An2d2©^ i F^S-r^i:*tC (A 
nA) F < (An A) LCtft*B*5l1 *fctt2fcE« 
OSMSIttASCTBB. 

[W*H5] t3IBft5Mttlgft&r«*illttf* luIBS 
iffiOjS B H B ^fflija®ltiS^5tlT^5il?R«K 2, 3 
*fctt 4 (ciBttOSHSXAS^eB. 

[B#»6] f!tE^M^*?rr«*gtft HulBJi 



0.25+m/2±0.1 (m=0, 1, 2) - (1) 



/2±0.1 (m' =0, 1, 2) - (2) 

fflttWS±lc»l8**ifcjaW-Bf K»lR|-r«Wii: LT 
«IW*B#fl(K 2, 3, 4$fc(£5lCEtt«>5tt£! 
sSASctBB. 

[B«JH7] fflE3^l<l«1ig«OT«BK0!>±K> h 
flSWIW^ JSWftTfflfbJiJB'KW-Stis wmiua 

«K 2, 3s 4, 5$^B6(C|3tt«}SHSijSA«^ 

*7-7-r;U*-l3WBa**lT^«M«SK 2, 
3, 4, 5, 6$fc»7(CEtt05l^;SA£ii*£B. 

[BHaftllllftKilB] 

[000 1] 

-hffl/tV3>»©*7'fX*-|»P«— >a> (OA) 

BBicnrs. 

[0002] 

s a<tsi}t as^sii»« 3tatft*/w^7'fh 

[0 0 0 3] ft*. ±fBJgWSJjS B B B S^SatC^ TN 

cmxt7F*?t^^) safe^wsTN (x- 

[0 0 0 4] ±ETN*att % -»<Dffl»tS©IHIlC» - 

?tl3;$ B |-tr/l/£IBBU C©aA-b;b©3t¥Wtt«s 
rft*>-5«E«aiBR©ttilM$tti:, lEEPftPBt©^ 

wjBWFittswfflLTty^p (an) mmzfi?*><D 



(3) 
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^^tf^fc7JU*5-^tf«JKfft*. 

[0005] ±bt NttvmmmikikTrsgiWom® 

tttLTlt. 7> ? x -f 7> MJ 7 XUgftei^itMsE 
7 h y tXmUflSft&mvZtis lvb&*#fry h$A 

tO 0 0 6] — j£f s 7-K7°P-by9-»O0A«BfflO 
LTl£<ffifli*ftTl,*«WiWiC£ LTIS, 
±i3T NSatSfliKOaftSaOTtSL. *ft»?fl!) 
Sftfc*1 8 0° ~2 7 0° lCKJ£f*STN£3j(H|t 

[0 0 0 7] COSTN3HB, & B B B #?©Ssftft£9 
[0 0 0 8] COSTNSSOSmtLTtts »A®» 

fflSTN «jhi;he % w&tmxLh*fr*iut.# y t 

fc*fc*A*SK«fl^*ft7V*. COC tied; 

y, ft««*fr^, aiiasicfit^ftsea-r*.:^ 
«A-tjMk i^«>5^-/\-^7'r hsis&ASCT&n 

£LTffil"Sft7V*. 

[ 0 0 0 9 ] ±IB T N £it> S T N #3®l¥illlttHlfH8i 

si*. u*¥wmmnmi 4 2mmgm rssAx/Kz 

/WK^^J 1 989 P. 3 2 9~3 4 6tC|3K 
[0 0 10] ±ETN£3*Sl*ttSTN£3©»A« 
fc» *jjWSW>liai±» *JHr;l/*-WOfi3WT?»C 

y. xsfi*ia*m bp-bjs^xsso 

aaBDSiatv «ffl#tf*ji-fe;i/*ja**iRii:oarft* 

K <fc o Tfl»fl«S WKflt »CBH* ft* t ^ 9 * 

[0011] 8»©TN*ic stn^iCh, m 

Jl©aJB»f *«ISITWJ» U 3fe-> + f * $t?g£f 'Jffi L T 
WrJk'ttb »A3tCT£1l®fi3ME& 1 ttlc LT. 



Vh7^ H®*4 ; E/*n*3i*«RT*CfcW:-l , *J&: 

[0 0 12] bT, 0iftt£1ft<!:1/4;&fi;|Si:£ffl 
WififtlSlTN (4 5° y-fXHSD £30>XASct£ 

&BPB5 5-4 8 7 3 3^ii$BtC^S"ftT^ 
So EOjfcfTtttRfcas^TWu 4 5° taUft/ci&ai^ 
Bl\ fMn£ft3tJmW?5C<hKJ:oTAIM*g 
titt®ffi«i&« 1 /4«fifi®3WWc¥fffttttt£ 4 5 
° tei;ftfctt«i:©2-3©tttt*SBiiLTa*«3?*fT 

4 5° yfXHSSA-teJk 1/48aWL 
SoTW. * USP4, 701, 028 (CI 
e r c 5) KtiffiBttS 1 1 /4«»K£SltElR]« 
A-b;U^:«|i^43«A:5«MSnE!iRi^A0!}«AS^ 
£H#WSSftT^*. *fc» *ttJ*AStt» flBMEl 
*t¥fTBlp]*A-b;UtttoH*«t*li*^fc-efcfi» 

[0 0 13] 

5-487 3 3*^lcEttSftfc*A»j*iarri4s 

jS B B al<!:SWffi<!:<DF^tc 1 /4;&l*S£IStt£#gtf : a& 

*fc» cco^ B B B a^siBa)S*ssiiT 

[0 0 1 4] ±IEUSP4, 70 1, 0 2 8 KIBKS'ft 
n:SlBG|q)^(0iS AS^»B?»« WTO* 5 £Fb!SI 

[0 0 15] (DSUBIrU ftKffi^IIBfttt&mitflf 

[0 0 16] ®SmBftUBlRlS!ffl2j#i3<. fSffSEflE 
[0 0 17] ®£Bfifi«fil(,Nfcj|£ t «ftli$fc#f * 

[0 0 18] ±iBJ5IWffiB|p]^ii:T ! (i, ffly&fi. ffi 

* tf « a#? o y-r u<7 ^ oKms^att? 

[0019] *^t±tm*w$m&*mm%tcisb 
jc**ftfc«boT*y» nmn-navh 

[0020] 
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gat*. »Ai«nic*A/?* '>&<£t>aH«s&g 

ffittttm*mr3ffi£«ff;lfcEi^»A»^£1I 

I Anidi-An2d2 I /A =0. 25+m/2 ±0. 1 (i 

I Anidi-An2d2 I /A=m 

nmtt? t * (c3K9»tttt £ * 5 J; 5 wum k eh 

iP*tl*«IHcJ:y I Amdi-An2d2 I / A flDffl* 

o c t IE * y ±e a « ti*. 
[0021] c<os*iiH«ft«ays«fcfe^T, mm 

AB©E|rJ*WtE6i£&* J: 5 lCHufBJ2^14S*gt hu 
Efiltafit^lRlEHStU HJE*ftHr;I/OU *-t* 
— >a >A nidi*^ 0 0 nm< A nidi<7 5 0 nm 

[0 0 2 2] MKSWt-tWl/flD'J^-T-S/aVA 

n 1 d 1 &»5Hffltii«^*^?« w&a y * - t—> 

3VAn2d2<i:A ,t . ttEVi (VifcO) £PJ)PP3K40 0 
~7 0 0 nm0»HlC*S»fiMC»LTi3K-1 5££jffi 
fcritlCjlJfittMltfty^ «EV 2 (V 2 >Vi) EPflP 
BfK400~700n mOKHK&S&ft A [C» LTSu 
13 2 t S Kfta&ttSI t * « Ji^lcfe^Ts 

a3E3t$^«««ig**rr «ra®a jtiMR®*s * 

(A n A) Ft*ft*;K0a«»»O*** (A n A) 
LC 1 1>\ K»3fctttt? A n 1 d i > A n 2 d 2 <Z>&ft£;&E 
(An A) F > (An A) utttV* f&Kft 
tt«?Anidi<An2d20ftfl : *aiJi-r*t*lC (A 
nA) F < (An A) LC£***3fcH£LTfcJa\, 

[0 0 2 3] Sfcs fflE*fl-feM/<Dy*-T-5/3>A 
nidi ^:^^tUBfl««NB««-r *S*50 y * -r— > 
aVAn 2 d 2 i:/b^ IEV1 (Vi^O) 8ttni$(C4 0 0 
~7 0 0 nmQBHK««&ftA[CttLTfiIK23«fti 
/l:-rt*(C31fi*i«IIBtftys «EV2 (V2>Vi) £P 
finite 4 0 0~7 0 0 nmOflSHIC&S&fiAKttLT 

(A n A) Ft5Sll-b/K0iftft»ttO*** (A n A) 
LC £ » BOJttttUBT A n 1 d 1 > A n 2 d 2<7)^ft^«S 
(An A) F > (An A) LC^'A I£5&ft 
TO7-Anidi<An 2 d20^fr^S-r*<!: i ^tC (A 
nA) F < (An A) LC£fc*«fc5KHi£LT I fcJ:^. 

[0 0 2 4] £fcs BgI3ftJg»«fg£#T3j§IItf % S3 
EE*ffi©*Aflroj«iIfclfttt6ftT^*m£LTfc 

I Anidi-An2d2 I /A=0.25+ 
®J*i£ LTSStl«0?» ±E3 305flDffl*±E4 
3*»Er*<k5KK!fr*e:tlcJ:ys AJH3fctf*3fc 



3SJitti:ft-r^«p6 s 3 0° ~6 0° icft^cfcatcs^? 
*l. RKA-fe/UQ 'J * - t-* a > A n 1 d 1 tK3t*ffi 

mimm&mt «s«<7) y * -x— > a > a n 2 d 2 £ 

AWftoa^Ai:^ 

I, 2) - (1) 



2±0.1 (m' =0, 1. 2) - (2) 

[0025] mwmmmmTzmm<D± 
Hfl*iaiRr'«aw38: 3 FafbJitfiai*stu hpf 

[0026] fnBaattws±$^»aiiswf± 

[0 0 2 7] 

mm] J-XTs 4:9ena>sa^iSAS^Boa^aoi 

[0 0 2 8] *»W®5M9;ftAad%Sn(i. «AJI£ 
M(3*A,?aiitt£& £ S t tfttlSEK* *iTs« A 
*;I/jWBi8**U *A-b;K0JttOA«IPJJCflWfc?3B«E11 

[0 0 2 9] ZOE^ftA&i&B'MDAMftli* fl 
3t?, ^«HittflMS£<l:U : »AM«aa LTEMSfc 

^««fe<fcaw3W«KiLTttj*rr*. coir* a 

&»ajii 3£«aaL£& imwttitz. z<om 
(DmnmKMmmdte. TE33©«fc5fca**i*. 

[0030] 

6= (2tt/A) (Anidi-An 2 d 2 ) - (3) 

AUSfis Aniditt*A«©y*-7*-: >a 
X an2d2l«*ll»W-7->'aX A 
nis An 2 ti ; ?-*l ; 5 1, tl^ B B B ls 3^ffiffittflHS®3«^ft 
*tt («Ji«f*) , di, d2B*tl^tl*A«» Jtt^tft 

[0 0 3 1 ] ±E3a050fil*^t>l** 1 /4&ft& 

fl=t 3 /4Sft^ i F<!:lcia^Lft[itlcAI^5g7 l c?ti 
5» ±I3^ftli-lSSltti^ 



(m= 
[00 32: 



0, 1, 2) - (4) 



ft^tttsfflxsu: aw LttmtKfrfr eon 



(5) 
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xnkmzmm a c t ic j: y » «g y ©pjfijfct 
&y» EWfi-pswsnT&iaycnaBtta*. - 

£s fcAlfcaaLTfflliycrairataoTl^iid 

ic«\ s««TE«*nT6igy©P3ffliJttt**. 

I Anidi-An 2 d2l/A = m' / 
WWfrSaiMMBWi* tt5^ttffl&£J:tfftAJI 

[0 0 3 5] Ctl6a)lfittttfiJ:tf3te»itt«02-30 
[0 0 3 6] ±EW^£<l:tf3%9a:Ktt& ±!B4 
IB 1 3*» ftiSjUttlBliTfS 2 3*3ME-T *lSH?*ti 

[0037] | Anidi-An 2 d2 I /A=0.25+m/ 
2 ±0.1 (m=0, 1, 2) - (1) | Anidi-A 
n2d2l/^=m' /2±0.1 (m' =0, 1, 2) - 

( 2 ) C <D «fc 5 &«^s©jS H B B «^St;:fe^Ts 

ftEEyarasftfrefcHyaRHft'sam sfci* 

[0 0 3 8] 0»fctt*fi^*-«fci&©El<tt6i LTtt¥ 

Lite*.©?**. C©»S6(cJ:ti«» fl»*fti66!Wc 
»tf?**fcak #«E!frtf/j,ft< v flftSKfffil&l 

ffi* fcE 5 C £ tf *. 

[0 0 3 9] «EVi (Vi^O) aiftn&fc&ftttflk * 
EV 2 (V2>Vi) SttlB$(c)KSiittllS?S««$(c£ 
l/»T» 5*3tttttt?Anidi>An2d20l« (An A) f 
> (An A) LC tU £frs S^«7'Anidi<An 
2d 2 OBt (An A) F< (An A) LCt^CtfCiy 

[0 0 4 0] lEVi (Vi^O) BlttlB$tc3ti£Ittl& 

iev 2 (v 2 >v!) ®to%frxmm?*zmGfc*> 

WimiZ. 5S7 l c^TAnidi>An2d 2 <7)^ (An A) 
F > (An A) iQtU l»T'inidi<i 
n 2 d 2 m (An A) F < (An A) LCtr«Ct(Cj: 



[0 0 3 3] EttKfrSOEMftU, Stfi&ASfcJstf 

3t^ffl*a««fi*aia-r«e:i:Kj:y. AW^Kfijt? 

«UL&ttOlMfl%^ BBS? Sltttfllft £ & >J » 

ffiW6?fc«fey3(Btt*ti*. 
[0 0 3 4] fits 
2 (m' =0, 1, 2) - (5) 

y , «fe y JZ&HOS JKWt?±E 4 3*»fcT c t 

[ o o 4 1 ] og= y . 5*Jttt«B?» y * - r~> 3 y<n 
i**<oaft^**£<D«*#K j: y < r 

[0042] ±!3j« B B B /iic^^n«^ B B H » ; f o^y 

3 0° ~6 0° lEfcS«fc9lc»j£S*iT^*. $A£ct 

ffl£<hElfl£<»:£s jS B B B ®6^TiE[Rl<!:S5 e fc-5tcW[R] 
EH Lfc»£fcl*, £OGlRl(c«« J: 5 K Lfciffctelfc 
^Ts EffiM&tfSJST&y* fSff%ttfa<s flHHtt 

[0043] ±JB«A-fe / fcD y * - t*—> 3 V A n i d i 
lis 200nm<Anidi<7 5 0nm<t-r?.i:<!:lC c t; 
y % □ V h 5 X h OtlMMSStt */Jx* < „ CU*E«ffi 

[0044] 

[USSflJ] «Tv *»WO*ttffiltc-3^TlttWr*. B 
1 »*9e«(0£«9!iSA«^KB UXTs SASsk&B 

lo^fcamwiiiBWA h2u«as 
^gBiKfctt£#7Xgffi2cw®ia-e253o *nss 
eyattAaaMiiit wbvhj****?**. & 

ASct&B 1 tt» -*r©;§B£ft #5 XSK 2 , 3 «fli 
As #7XWS2±tctt^j«ttB*Wfr6***gge4 

4fi«fctf/j\saB5©jsaniSDK *tifti« 

P^PID 3 < i t, 2 n mJJUilCK** tiTl^S. 
[0 0 4 5] ±IB^S4s 5%«HU Ch6SSB4» 
5 OIHtDIHW *«»T¥»fbil 6 jJWBfie* ftTt^*. ¥ 
mitm6(DBiWtt, ?i|34s 5c7)fJW^§ttTs »6fr 

i^s tnUs m;£<0&mtmfrZ1tZEL»t 

&mm wfows) 7 mat*.*. cosm&jbh7 

t*s H2Ofct*lSlCfi#<0?ettlC, aajUKbfc-aT 
Cti5©^S4s 5s ¥5IMb«6feJ:tfE 
«ft««7*6E««8tiMIWi**i*. ±I3EIM^ 
7±lClis iBlRl)i9*«?^Tl,^„ 
[0 0 4 6] ±E#7XWS2t»fi-r*ar5^»K3 



(6) 
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-a T, I TO (Indium Tin 
Oxide) «^6««a««i1 OflMfRBHCtofco 
TJBSSftTl^. ±IBEtt£HK7£»HHHf 1 0<h 

tifc# ? xs« 3 £»a ltieirijs 1 1 mm 

[0 0 4 7] ±EffiSlC»lRir*3ff7^iSS2» 34>ji 
->-JWl 2T*flfcS#lTlO*. !Bfp)Bi9^ 1 
1 ROOftAJI 1 3 ictt. KBSfrltA e A 
/;l/**t»k ffiiS&Z L I 2 9 7 3£fc 

[0 0 4 8] ±iB«7XS*53 0-^ a B B H 3£5*f«C 

n 2 , ff*d 2 ) fr5&*3fc5^M««14i(jWttSft 
Tl/»4. *5te*flD±fcW\ 0J*l«i|11tigii*4 8%<D 
fiiJfcfil 5#EB*ftT^*. 
[0049] ±IB£«!teHi 7 tfaqMHl 1 0 IC 
it. **iWi«i§MS i 6fcJ:tf7*-*igHh 74>-£ 
#Stt*tlTl**. ££08 1 6fi«fetfT-5r@Bl 7 
W\ 7-f^P^P-b'y^»OIW»lHlBl 8 lC<fe y«u«P* 

s&i 9^6fl!)aw«Ev i $rcmm7rME.v 2*epM 

LT*5**SBKf **Uata-3T^4. H4& j&AJI 
1 3, W¥tt*ItifflM&1 4fe«fctfffl3Wi©3t^«rt«a* 
jSTH?*«. 3K^ffiffittflH&1 4<DW®&1 (a) t?s 
AJI1 3©WC^I/^$ (0) <ttiiI£LTfc 

y» »Am 3©«ft»?oy'ru^* (/j) tufts 

fll*.tf'3 0° ~6 0° <0«B»C«3£**l*. 

[0050] mz. ±iboj;3&ei!I9;&a8k&iii 
[0051] H3 (i) ~ (5) » % mmom&xm 

*^-ria?»*. **\ H3 (1) fcaVTJ;?^ #5 

xs^2o-^®tt®fttt^flg^2 1 «bj«t«. * 

#5ZWfi2 £ LTJf £ t I 1 . 1 mm 
Oti© (l?R«'=l--V^±^ ^7 0 5 9) 
l*fc. ±IB^ftttfflfii^2 1 li s «BttttMB4m 
(WABIIWI ffi n D n« OFPR-800) tts 
5 00 r. p. m~3 0 00 r. p. mTXtf>=l-h 

rscticfcy 2 5 

0 0 r. p. mT?3 0»XK>a-h-r*CtlC«J:y % 
I*t2#1. 5 fi mO^ftttfflfii^ 2 Lfc. 
[0 0 5 2] i»12 1 if)WfnftS7 

XBfi2*9 0"Ce3 0#|Sfl&aU 03 (2) iC^f 

«fc 5 a*'h 2 flSKDPJfl?/ \°* - y t^mWMtE ntc? * 
hT7.^2 2?i3SLT^3 l c-r5o *LT. ^J^«'m« 
ffifbtilL jSn'&ft N M D - 3 O 2 . 3 8 5 ft 5 

3R«5S*ffl^T3H«*fTl\ 0 3 (3) K^f 



9ffllCflMl&ffi34)J14:3*KiS2 3 fe«fcO ! /|\gSB2 4 
£7WT£, E©J:3lcKtf©RftS2«SHiU:©asB 

T»K*yEl^fc»6tf£i;*<0SI««fci&T***. 
[0 0 5 3] ±137* h7X?2 2«, Ctlfcffl^TJK 

ja*ft**se4fe«fctf'jxgfite»a;LT» H2k^l 

fc*5ft«SD1 »5(jm) % D2 (fl*«3M 
m) OTO^V^tCSBSStlfctcOT', *<DHPgD3 
\t'PK< it 2 /imJJLUitlfc«BW)'6<0*ffl^*Ct 
#7*4. ft* 7*hTX*2 2©7Z*/<$r->ttC 

S©/{*-vicj:y» »*©fc©*fl3i**i:£#?* 

[0 0 5 4] H3 (3) fcaiLfcJ^fts 

S2 3fe*tf'JxSSB2 4tf»a*tlfc#5X»S2K, 

2oo , c?iBSMajiwna*£roTs 03 (4) icsvr 

±ESS82 3» 2 4<7)S^jtl<-ri.o SSfc\ 
El 3 (5) IC^T*5(C» ±1315132 3, 2 4/WBfiMT 
*ifc#5X*K2±lc % «U5tt*3l!S«6fb««k ffi5«0 
FPR-800$1 000 r. p. m~3000 r. 
p. m?Xt;va-hr*ctlcj:y, ffft?ttUBH6 
Sriffllf*. **SW!l?tt» 2000 r. p. mWi; 
Va-hfcffofc. CtltCfcy. S5S2 3, 2 4QIHI4) 

«. *WS«UTI4. if» : ffflBIM6<!:LT±i3^ftttffl 

0. 7/umT^o/c:,, 

[0 0 5 5] *6K» 03 (5) (CSTJ:3tC % ±!3¥ 

*£(D&MiufcMmt3 mxao. oi~i. op 

/ \° y y v 5 c t cfc y KH&jiK 7 ^®fig l fc. 
6Lh«)IilcJ:yfili«8fl%jt«. CCDJ;?ICLT 

3 ±fC# 'J * 5 F^IM^JfM L, 2 0 0 °CT- 1 

<f>?\Z>WBM*fi-3-Z* lBlR)li9, 1 l*Jgfi8f*. 
±IEBlRlli9!WBa*!lxfcS*Hfi8t» ±SSK*B1 
0 6* tfGi^in 1 1 !WBJS*tlfc #5 XSt5 3 £ ZMfr 
fib*k%mz\*. *ft»?2 OOElRl^JFfTElRlift* 

*'9ic»i«a*-a:*. jsam 3©ji)f^myr5 

fciitc, 5/imOX^-9-*»ftLTtty^to-e*fr 
5. 2«JO^ ; 7X»|g2, 3(DF^tCli, 6ji/m©X^- 
tf- *-BA Lfc}g«tt->-;l/f J^x^ y - vepwr* c 

<ttcj:-pT, mhu±m m^it) zmmTz, 
ctjEjjyaASh*. 

[0 0 5 6] *ic s *HS!i«iJ^ H B H «^S1©i)mc 
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■o^x. mszmwLfttfsisiwTZo castes 

t^Ttt, I^®fflg®fcttSA8CT£ll 1 *#»LTiS 
LTSSo El 5 (1) (ca*-rajl6«fmictts 3tt^M« 
«1 4&«Afll 3 r— >aVAn2d2» 

Aniditi, ±ei a ica«n*. 

flW&l 5i0ifiiRMS^tt)ffilM£lRlL 1 <t¥*T&il&§! 
fflW2 9ta*. llttffltt2 9U. ±e issuer* 
3t*aflHfi1 4fc<fctf;$ B B B ®1 3*aaLT. m?U&3 

sy©ra«jfc3 0i:&5. E©pMBfc3 0(*» mm 

3 1 tt, ±E3 3*»Er*'J*-7 J — >a 

*vsr*?« B B B ji i 3fcc>;y^ffi«*gi 4£j§&r;5 

±EA«l«©iiaHII3tt2 9©SlRltilSr**lR|fl!> 

fl3tiE«ffr«i-uftflft3 2 tr^ 0 zowmvfs 2 
w\ flttt&i 5fc«fcoTa3fc**i«. r&fr-s, kmc 

8#S©E«3W*«3fc*tl*. CtUcJtU SAJI1 3 
^aLT£@y©Rffl3fc£ft*Ji£teW\ C©Rfilft 
BEAMS 8 TRktS tiZZM V <ovimftt.tz% 0 

[0 0 5 7] -15. 05 (2) ICaVrttaaiilMc 

it. 3tt¥*i«fii 4£»Aai 3t©§W-7->a 
VAn 2 d 2 v AmdiW\ ±E23**er*«J:5lC8 
tf*l5„ CO.!:?, Atty£2 8ttffly&tS1 5*m&T% 
ZUZ&V. ±E«*Ir|L 1 £W&uMMBfc2 9fcft 

5 0 zo)mm.w,X29&, ±E23*aEr*«fe3icji 

466+l*J^»««1 4£j£ B B B J11 3fc*aaLT*K 

aaifr^n«iftfie««aB«fiatr«. ?&iS3£si&L 

^mtOBK 2 9 W\ EMtt 8 TSW LTfcBHgftfflkMI 

ftttfUSffiftU «AJI1 3fc<fcim¥ffiflHS1 4£SI 

fti 5%aaLTUi»r*. 

[0 0 5 8] *HS(i^JTffifflL7i:jiS H B B ©®^^ttA 
nittO. 1 6 2 6?$>A -fe;WIdW:5. 0 |um7'S 

8 1 3nmti5:5„ 

[0059] ±E«AA1 1 3 0*A5»©^-f * <h 
3tt^ffiffla««1 4©5ItB«t;J;iI££-t>\ flftt&l 5© 

i»iR«i**i''i4aattfcj«A#*fl!>y'fu^*i:©a-r 

ftcplil 5° , 30°, 45°, 60°, 75° £L 
Tco JlSil W i 550n m(DB#lC (A nidi— A n2d2) 
/ A = 0 . 2 5 left* J: 5 izX^iiLftWmtiL 1 4 © y * 
-r— >a>An2d2*a^U ip=15\ 3 0° , 
45\ 60° , 7 5° ©«£lE'3^T«E-5i**ft 
tt*3BS L ft t C h. 0 6 © J: ? £ ? '5 7 ?bM# 5 ftfto 
BP*, cp=1 5° , 3 0° s 4 5° lca3W-*«H4W\ * 
tlWlia60 (a) % (b) % (c) LttOit*. ft. 
cp = 6 0° , 7 5° ©fc*©fcttttf-ftCTl9=3 0* 
©fttt (b) , <p=1 5° ©&tt (c) fcHISHi;?* 

[0 0 6 0] *E.*tittUL1tm£. (<p=3 0 



»4 5%T, g^a>h5XhJ±li<p = 4 5° ©<h$? 

l*fc. ffi. C<0^57-PS»*3B«/JX*<JS:*OI*» (A 
nidi-An2d2) /A©ffi#±0. 2 5®BrP*y» 
EWMWfcfcOJffl* (Anidi-An 2 d2) /A©filtf 
0©f$T*i&£o CftS2^©tttt*B^*Cfcte<fcy, 
=E/?P (SIR) «*3**fT3C£#T**. SflKJC 
ttO^Ttts cp = 4 5° h^XUt* 
»5C£#?tN cp = 4 5° fr6t*tlTfT<JCS£oTa 
Vh^XhtfctfffiTr*. LfrU <p = 3 0° ~6 0° 

[006 1] **JMyFH:» ±E 43©m£J:tf 53© 

ttm' UX±©if£Kfc^Tt>^li rJIB?*«. L 

oT3>h7Xhib6MST"T?.c7)7\ m=m' =0di: 
**Wfflr*OS«a*L^. Sfcs ±E»3l6tttt*i*lf 
3%aa4XISH:. ±E43» 5SC©*fMeSSJir*Ct(c 
PI5f\ a*6tttttt±Eia*» ^6iiji«»l«±IB2iC 
*«E-r*ttH-p**itf*fflWlcMH« { Jlllt\ 

[0062] ^mmm<D^Mmm^m^STM. sw 

[0063] (HJg«lJ 2 ) C c7)HS6^J7-ti , ±EHtt«i 
1 ©*A«S»BKfe^T» cp = 4 5° tU (Am 
di-An 2 d 2 ) /A = 0. 2 5 ©a316tttt*fflt\ 3fc 
¥&4Sffi1«« 1 4 1 LT*A-fe/U©»*»ft <fc y ti** 
l^ajKMRtSFOtOSfflt^ft. COC4:K«fcy, ±13 
43^4 0 0~7 0 0 n m©eH(cS«(i^T0!)S{| 
■PSIJe*-!** Ctltt» 07 (a) ic^r 

wevi (vi^o) Qim^tca^ffiTsys 

tEV 2 (V2>Vi) mnmz9GGAWUK3oZWG* 
Jt^fflfi«««oa*»»fl!)*** (An A) F = (A 
n400-An700) /Anssoi:, jS H B a -t;bt7);g^li(c7) 
(An A) LC= (A n4oo~A n70o) /Ansso 
£*, a*fittttTAnidi>An2d2©«f (07 
(b) , (c) ) {C (An A) F > (An A) LC^E 

-rsctdicia^L (08 (b) ) , */t % aj*««-pA 

ni di<An 2 d2©St (08 (a) ) (A n A) F < 
(An A) LC«*Er*«l:d(Cia£r*C4:(cj:y (0 
8 (c) K ?S B B B ^t7 l 6^Sffi«ffii:cT)y^-7 : -i/ 

a J; y iae!i(o»Mi«T±E 4 asaft-r C <h 

tfT** (08 (d) ) ztlz&z, 

[0 0 6 4] -15. «evi (vi^o) mmnmmm 

ttttT»a5y» «EV 2 (V2>Vi) MP^Cjg^fiiT- 
$5if^lc« v NttftSA^e. ±E3t¥tWI*ll«S© 

(An A) ft. m^i\/(o : A^m 

c7)^?? (An A) LCt*» a)!6tt«TAnidi>An 
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2d 2 <omiC (An A) F > (An A) LC**Ef*J:d 
imfcU Sft^OTTAnidi<An2d20B# (A 
nA) f< (A n A) i&mB.TZ&5fc1BL&t*C£ 
IZ «fc y , «fc y daBH©»**«T±E 4 a**fcT C t 

[0 0 6 5] 09 CO«fe54JI6^tMa*l«S*ffll , « 
fclf^W&aftfcfe * |Amdi-An2d2) l/A 

H©siw*A»3&BKg^6ft«ftg^^&« 

ii^lcl*, 400~700n m©S££T©a£7±K 

i o o 6 6 ] ei i o Ks tMrnikmommftftj: y 
fiM*Heia:B*;f*-r. co»&oa«*att» ±e*tt 

fill fcHSHELTfrofc. Ell OfrS«3Sfr*J:3fc» 
ft#tt*8"3fc©*EiNfcii£ % Bfttttt<D£tt«<!:y 

jaeH©aft*«T*er*c 

^©&^s»ft®sfctt*jji-r c *. 

[0 0 6 7] «±J:ya»*ti*J:5lc, &#««?© 

y *-x~> a v<M^*©a«^Hi!05r©a*# 
««fey**<r*t» i«3«Kn«<t:yi2daB(oaftffits 
7*31***;: aswtt©iRi±*ia«ctfl« 

[0068] (£ttfi| 3 ) C ©Ife&fcfiJT-te, £AJI 1 3 
(C. A nO. 05 1 2?***n/*a«©«Att»ZL 
1-2 3 5 9*flll\te. 

[0 0 6 9] C(0«tfefi|(DSa4S!iSAS^eB(C£^ 
T, «flifili^ntt(Cs j&iJf 1 30M.M&0i9<(\s 

©&tS<p«1 5°, 3 0°, 45\ 6 0°, 75° 
tLTco SIA^5 5 0 nm©B|(: (Anidi~An2 
d 2 ) /A = 0. 2 5fc&4*3lCJtt3MMt|l««1 4 
©y*-T-: >3VAn2d2 ; &jM^L, <p=15° » 3 
0° v 45° , 6 0° , 7 5° ©Ji^tCO^TSE-S 

Stlfco «E£EP»QL/i:}§£, 3533® (<p=3 0° ) 

S»*!fl«/M<a*fl!)tt» (Anidi-An2 
d 2 ) /A©ffitf ±0 . 2 5©«S?*y, 5»*fl»* 
©P/fti (Anidi-An2d 2 ) / A ©fltf 0 ©PfT35 
So Cti6 2"30tt«B*ffliN*ci:lcJ:ys 



(an) ©assise wMfiattc?^ 

Ttt, <p = 4 5° 0RlC«*03>h7XHk*»*C 

tfl 5 ?^ <p = 4 5° fr6rtlTfr<fC8e-3T3>h7 

xhJtflMftTf*. Lfru <p=3o° ~6o° (omm 
[0070] ±ib$ aji 1 3 ©-tz;m d b* -e* c 

tlC*y*AJ11 30"J*-r— >3VAnidi*1 5 
0, 200, 2 5 0, 500, 7 5 0 t U &4©Ji£ 

To CfflHI 1fr63ft?£*i£J:-5lc, tSAMI 1 3©'J 
*-t-*s a >©ffl# 2 0 0 n mttTOBlctt* £A8 
V h 57. KOflWttStt* 5 ** < £S©7\ 

ftff*«ayw»s*ifti,\ *fcs aAAi soy*-?* 

-5/3>©*tf 7 5 0 nmJ-X±©B$lCli, ftASaffl 

o«««Efl«**<a*. «f^T, sajii 3®y*- 

f— >3VAnidi$» 2 0 0 nm<A nidi<7 5 0 

* < „ wmmEim^mmm&smmjmioti*. 

[007 1] C©*«fillCfi^T» &AJI 13K, An 
0. 1 2 9 7T^^ll^±mO)m^UZ L I - 1 5 
6 5Sffll\ ±IB£I^U:;&P B 11 3<D-bl\,BdZWb 

tiz&v a aji 1 3 © y * 3 V A n 1 

di*afb*-efci:E3* ±IHZL I -2 3 5 9*81* 
[0 0 7 2] *«ttfij?& ±!S45$©mfcJ;tf5ie© 

frU mSJctf/Sfettm' tfUX±©ii£, ftifiBtt 
M©Ei**tfffiTU aSlE5S3tt«tt©fiW*l4±fff * 
CtJca-aTaVl>57.hJt38HttTr*©T , » m=m' 

[0 0 7 3] (Xttfi|4) C©«*filTtt, ±fSHffi0J 
3 ©jSAWSiSWcai^T* 9=45' iU (Ani 
di-An2d2) /A = 0. 2 5©»»^ 
^ffiffiffifllfi 1 4 1 LT*A-fe/U©a*#tt «fc y fe** 
^a«»D{^}tot©^l,^fco *SSfiJ2i:MI1itc, » 

ittttt-p© y * - x— > 3 vfl { /j»*^*©aft«fttf6 
*©a»»»<fcy**<r*ci:ic«i:y, h 9 tc^f* 

«And/A»lttff6tU ±IB45C^4 0 0-7 0 
0 nm©BHlc»*B«3>T©a*7jttE*-e*Ctfl« 
T?«o 3«¥1ftfflttflH&i 4fl«aA-t;l/©a«» 

fjcfc y t,**LNa«»»*ffl^* c <h ic j; y , *sgfij 2 

t|p|«»c, «E-E««ttttH 1 0lca?-TJ:3ftti©i: 

ft y s a3ttttt©*ft* * y ddeB©afttR«739i£t- 

Sft, ig^««§©J5l«^fiTTrti: 

t, =ivh7xut***<u ase©ai^fiffft«s 

[0 0 7 4] *»WB«±KIBLJfe*«fillClB!£**l* 
t©7tift < > /£< J5l^©^$iJffll^StC)j;ffl)b^7- 
££0 
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[0075] ±!bhmij i ~4?b» ^mwmtt. 

*lteH£**l*'fe©-Ctt*<, PVA (<Ky \L-)V7)\f 
□ -/I/) , PMMA WV**l\,*#7*iJ]s-b) « 

[0 0 7 6] Sfc. 7?7^77HJ-y 
*«Mh7>s;^^M I M«©#tttBX?lcHHft£ti 

[0 0 7 7] «B^1$tt©ii<ro*JiTfci&fct** ± 
BftAJi 1 3 © y *-7*— > a V*Wfflc J: Sr-J£ic 

t» a»o±tT?-fe;wKj { a3a:*. *©«»» y*- 

8<D±llT<7 'J/UWlB^Sft^TafWSiaW-s * SIC 
fflSSO. 1 /imffllicr C©«fc3lc 

[0 0 7 8] *Sfc % ±E*«0!1~4?I4, W&2. 

C©<fc3&3/yaV»fi*±IBJff5X»S2£L 
Tffll^Ji^lCtt, ±S3;£SIe!S&1 6, 
7, feWPIalttl 8&J:UVE%£I§]K1 9*dfO@»* 

[0 0 7 9] SAM 1 3 t LTtt¥frElRl©*i©SJBl* 

1 4 <t LTffll^ftS&A-fe/l/lc-^TtK y*-r- 
-> a V^ft®{clg^T^S^ B B B J17-S^«'s L^tita 

[0 0 8 0] f-fcs #7X»fi3±*fcttaETOl o 
[008 1] 

ictm*; ss>fisoj5i>t^)SES^ B B B Ji§jicsB-r5 



C */fc» <p=3 0° ~6 0° t-rSCitC 

£ y < a3t*fr3 c ?s *. a^fittJBicfef 

* 6t=» ftAH© 'J * -r- a VfiSfcfU&S-f 5 Z£\z 

j: y . 3>h7Xh ©afcaawfeifch* < * bime# 

ffi^£l49!«A«nvS«^ f« C 

[0S©fSm&MS!S] 

[0 1 ] *WR<D-mmmT'&zmm%iikm7fsgim. i 

[02] *»rcic«*EM«807*h7**/{*-:/ 

[S3] *»K(cffi%satiS8(DHaxa«mria?« 
*. 

[04] *^B^©J5WS^ B B B a^gB©^W#14*W 
[0 5] *««0!}£H3(j«AS^IIO«3UHi^RS« 

[0 6 ] *an$y i ©5iiJi^ B B B a^s©Ei»©«E 
[07] nss«ij2ojgi>t^ B B B ^gs©ij^s^ifi 

[08] SWJ2(DJg|^ a B B ^gB0S)^S5iM 

[09] *Mi£%*9i&mMm*mvMfe£. 

[010] *ttfl2©5«&«Affii%&11©£tt*©* 

[011] *ttffl3©5l^ftAat<7S11©Ea**©V 

[*»©BW!] 
1 «A5ctS« 

2, 3 #5*Sfi 
4, 5 §gjg 

6 TOHbK 

7 £tt&jIH 

8 ELtffi. 

9v 1 1 EIrM 

i o mwnm 

1 2 ->-;l4* 

1 3 SAM 

1 4 ft5HftfSftfttl& 

1 5 ^fttfi 
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